BACTERIAL ENDOCARDITIS
Dr. Graham Hayward (London):
Diagnosis of Bacterial Endocarditis
Diagnosis in the classical case is based on the presence of fever in a patient with heart disease, splenomegaly and arterial emboli, and is confirmed by a positive blood culture. In preantibiotic days there was no urgency in diagnosis as there was no effective treatment and in the fully developed case the diagnosis was usually easy. Now, although antibiotic control of the infecting organism is usually possible, early mortality is still as high as 27%. One of the factors responsible is the delay in diagnosis, usually more than one month from the onset of symptoms and sometimes as long as six months. The difficulty in early diagnosis is caused partly by the insidious onset of the disease, by failure to think of bacterial endocarditis when the clinical picture does not conform to the classical -textbook description, and by failure to realize that this disease is not just confined to the younger age groups. Dormer (1958) has shown by analysis of the Registrar-General's reports that the number of deaths from bacterial endocarditis in patients over the age of 50 is the same now as in 1939 when no treatment was available.
In my series of 112 cases ( Table I) underlying heart disease are in general agreement with other published series and show the dominance of rheumatic heart disease. The commonest rheumatic lesion is mitral incompetence and bacterial endocarditis is rare in pure mitral stenosis. In elderly patients the predominance of underlying mitral incompetence is even more marked and many of these patients have been known to have loud mitral systolic murmurs for years with no symptoms or signs of heart failure. The group of cases of congenital heart disease, although small, is of interest as prognosis is best in this group and recovery occurs if antibiotic cure of the infection is possible. The commonest variety of congenital heart disease to be infected is a ventricular septal defect. Bacterial endocarditis is said not to occur in atrial septal defect but this applies only to the secundum type of defect. This series includes 3 cases of bacterial endocarditis with an ostium primum defect.
One reason for advising ligation of a patent ductus arteriosus is to prevent the later occurrence of bacterial endocarditis. However, infection may take place on a congenital aortic valve lesion in association with a patent ductus. Here the diagnosis is difficult or impossible in the presence of the machinery murmur but the persistence of an ejection type systolic murmur after ligation of the duct is often due to associated aortic disease. For this reason penicillin cover should still be given for dental extractions even after ligation of a patent duct.
Bacterial endocarditis is generally thought not to occur in cyanotic congenital heart disease, but in 3 of the present series the patients were cyanosed (2 with the tetralogy of Fallot and 1 with pulmonary stenosis and an atrial septal defect).
Heart murmurs have been present in all cases by the time the disease was established. In the majority of cases heart disease had previously been diagnosed. In some, systolic murmurs had been considered innocent and the phonocardiogram of one such patient is published in a standard textbook as a typical example of the innocent apical systolic murmur. Another example is a patient with subaortic stenosis in whom a basal ejection type murmur had been thought to be insignificant. In some cases the heart had previously been considered normal; in these the infection is often superimposed on a bicuspid aortic valve with the appearance of signs of aortic incompetence. Less commonly the infection may have affected a minimal abnormality of the mitral valve, as shown later by the development of typical signs of mitral incompetence.
A definite precipitating cause for the infection is rarely found but there is sometimes a history of recent dental extractions or uterine infection. Operations on the prostate or rectum may cause bacterial endocarditis in the elderly, usually with a highly resistant enterococcus. Infection may follow cardiac surgery, particularly on the mitral valve, the infecting organism usually being a staphylococcus. Here the illness runs an acute course and the diagnosis is easily made.
Clinical diagnosis is made earliest in those cases where the symptoms indicate the presence of fever, although frequently the disease is suspected only when fever recurs after the indiscriminate use of short courses of antibiotics. More commonly the onset is insidious with vague general symptoms such as malaise, and the presence of a low-grade pyrexia is unsuspected; in this group diagnosis is often delayed for months. Fever is usually but not necessarily persistent in the untreated case and afebrile periods do occur.
Embolic episodes may occur early with the presenting symptom a major arterial embolism, e.g. in the brain, spleen or limbs. Minor embolic symptoms are common, such as the occurrence of painful sites in the finger or toe, or sudden, relatively short-lasting pains in other parts of the body. The significance of these symptoms is often realized only in retrospect.
Diagnosis is particularly difficult when the symptoms are attributed to active rheumatism, disease of the central nervous system or renal failure. Arthralgia is common in bacterial endocarditis but in some cases there is pain, redness and swelling of one or several joints, and this in association with fever and the presence of a heart lesion naturally leads to a diagnosis of acute rheumatism. Clinically the differential diagnosis is difficult and, in the absence of embolic signs, clubbing, splenomegaly or microscopic hmmaturia, may be impossible. In bacterial endocarditis the fever and arthritis will not respond dramatically to the administration of salicylates and if these signs persist blood cultures should be taken immediately. If steroids are given to treat the supposed rheumatic fever the results may be disastrous. In 3 such cases, fever and joint pains subsided quickly with marked subjective improvement. However, in 2 cases after seven and ten days' treatment, multiple arterial emboli occurred, the signs of mitral incompetence became more marked and death followed in a few days. At autopsy there was gross disorganization of the mitral valves with rupture of a cusp and chordc tendinae. In the third case satisfactory progress seemed to be made but, gross clubbing of the fingers appeared in a few weeks, and although there was no further pyrexia, blood cultures yielded a heavy growth of Streptococcus viridans.
Symptoms suggesting involvement of the central nervous system are common in bacterial endocarditis. If the endocarditis is caused by a pyogenic organism a cerebral abscess or meningitis may occur but in these cases the patient is acutely ill and the diagnosis readily made. In subacute bacterial endocarditis neurological symptoms may occur in the absence of the more obvious clinical manifestations of the disease and this group provides a large number of cases in which the diagnosis is missed or greatly delayed. It is common for the early symptoms to be regarded as psychoneurotic and many of these patients have been under psychiatric treatment. In some cases there are frank psychotic symptoms or symptoms thought to be due to cerebral arteriosclerosis in the elderly. In these cases there are often signs of mild congestive heart failure and fever is ascribed to pulmonary infection or infarction.
The second group of neurological symptoms are those due to a cerebral embolism which may be the first symptom of the disease, causing a transient or persistent hemiplegia, monoplegia or loss of vision.
In the third group symptoms and signs may suggest the presence of a space-occupying lesion with severe headaches, mental confusion and bilateral papilloedema.
In the presence of psychoneurotic symptoms or clinical manifestations suggesting organic disease of the brain in a patient of any age with valvular heart disease bacterial endocarditis should always be considered. Careful temperature records will usually show some degree of pyrexia and clinical examination will often elicit such signs as petechie, splenomegaly or clubbing.
The occurrence of unexplained fever in any patient with valvular heart disease should always lead to a presumptive diagnosis of bacterial endocarditis. The frequency of atypical modes Df onset of this disease should be remembered. Short afebrile periods are not uncommon in the early stages of the disease and even a short course of any of the commonly used antibiotics may render the patient afebrile for several weeks. Measurement of the blood sedimentation rate provides a useful screening test as it is almost always raised, even in the absence of fever. Similarly microscopic examination of the urine will nearly always show an increased number of red cells.
The final proof of the diagnosis is made by recovering the infecting organism from the blood stream. Every effort should be made to get a positive blood culture as treatment can only be effectively planned if the nature of the infecting organism is known and its sensitivity to various antibiotics determined. Uncontrolled infection is still the commonest cause of death in bacterial endocarditis-60% in the present series.
Bacteriumia in the untreated case of bacterial endocarditis tends to be persistent rather than intermittent and thus a positive blood culture is usually obtained in the first blood sample to be examined. Although multiple blood cultures are frequently taken, it is exceptional for the later specimens to be positive if the earlier ones were negative. It is our practice to take 3 blood cultures in the first forty-eight hours, the specimens being taken without reference to the patient's temperature, and then to institute initial treatment with penicillin. Subsequent treatment is planned when the results of the bacteriological investigations are available and the sensitivity of the organism to antibiotics, either singly or in combination, is known. Laboratory tests should show which antibiotics will kill the organism as distinct from inhibiting its growth and if treatment is planned accordingly there is a remarkably close correlation between the clinical response to treatment and the bacteriological assessment of sensitivity. A first-class bacteriological screen is necessary if bacterial endocarditis is to be adequately treated and I am indebted to Professor L. P. Garrod and Dr. R. A. Shooter at St. Bartholomew's Hospital and to Dr. R. E. B. Hudson at the National Heart Hospital for their help.
In 28 % of cases in the present series repeated blood cuitures were negative although the other clinical criteria for the diagnosis were present. In cases of congenital heart disease with a left-toright shunt many authors have reported difficulty in getting positive blood cultures, but this has not been encountered in the present series. This group of bacteriologically negative cases is a difficult one and the mortality is significantly higher than in the cases where blood cultures were positive. Although in the absence of a positive blood culture the diagnosis is always somewhat uncertain, there should be no hesitation in treating these patients energetically if no other cause for the pyrexia can be found. In these cases it is our practice to assume that infection has been caused by a resistant organism and to start treatment with penicillin in high dosage (10-20 mega units daily), adding streptomycin after one week if the pyrexia does not respond. Even if response to a full course of treatment is satisfactory, the relapse rate is high and the disease often runs a prolonged course, sometimes for two to three years with recurrent remissions and relapses. In a high proportion of patients in this group there is evidence of aortic stenosis and the course is characterized by recurrent episodes of arterial embolism and fever. One such patient was treated in five London teaching hospitals for relapsing bacterial endocarditis and over a period of three years more than 100 blood cultures were negative, yet at autopsy the typical vegetations of bacterial endocarditis were found in the aortic valve and section of the vegetations showed apparent bacterial colonies deeply buried in the base.
It has been suggested that this group of bacteriologically negative cases includes many examples of the "collagen diseases" such as lupus erythematosus with Libman-Sachs endocarditis. Lupus erythematosus and bacterial endocarditis have many features in common, such as fever, arthralgia, hematuria, raised sedimentation rate and increased gamma globulin, but in lupus erythematosus the cardiac manifestations are unimpressive until late in the disease and embolic signs are absent. In case of doubt antibiotics should always be tried, either penicillin alone or with streptomycin, before steroids are used.
Summary.-Bacterial endocarditis is difficult to diagnose in its early stages and the symptoms may suggest disease of any system in the body. If, however, the diagnosis is considered in every patient with heart disease with unexplained pyrexia fewer errors will be made. Cardiac murmurs are frequent in febrile and anemic patients and their significance may require expert assessment. Experience with this disease over the past fifteen years has shown that in young patients the chief differential diagnosis is from active rheumatic infection.-In older patients the disease is often not considered and its manifestations are thought to be due to the presence of an occult carcinoma as a cause for anemia and pyrexia, diseases of the central nervous system or renal failure. Although the chief cause of death is failure to control the infection, early diagnosis should help to lessen the frequency of congestive failure and embolism and may make the organism more accessible to antibiotics. REFERENCE DORMER, A. E. (1958) Brit. med. J., i, 63.
Dr. Mary Barber (London):
Bacteriological Aspects: Mechanism and source of infection.-Acute endocarditis may occur as a secondary phenomenon in almost any form of septicaemia, but primary infection of the heart valves, or subacute bacterial endocarditis, is usually caused by bacteria which form part of the normal flora of the human body. In the vast majority of cases, subacute bacterial endocarditis is due to infection of a previously damaged or congenitally abnormal heart valve by Strep. viridans normally present in the mouth. Transient invasion of the blood stream with these organisms is so frequent that Lewis and Grant (1923) regarded it as "almost physiological". For the most part the cocci are rapidly phagocytosed, but according to McNeal et al. (1944) , the endothelium covering the valves is less bactericidal than that elsewhere and may, therefore, become damaged by the ingested cocci. The damaged area is then liable to be covered by a deposit of fibrin which protects the streptococci and permits their multiplication.
It follows that any manipulation likely to cause bacterilemia is potentially dangerous for anyone with abnormal heart valves. Okell and Elliott (1935) first drew attention to the frequency of transient bacterimmia following dental extraction, particularly if the gums are unhealthy. They took blood cultures within a few minutes of tooth extraction and isolated streptococci from 72 of 100 patients with gum disease and 12 of 38 patients with apparently healthy gums. Rocking of teeth without extraction (Okell and Elliott, 1935) or massage of gums (Richards, 1932) may also send streptococci into the blood stream, and Round et al. (1936) isolated Strep. viridans from 1 of 10 blood cultures taken after chewing mint lumps. Bacterieemia has been recorded after operative manipulation of many other sites, but only tonsillectomy approaches dental extraction in showering Strep. viridans into the blood stream (Elliott, 1939) . Dowling et al. (1952) recorded an increasing incidence of staphylococcal endocarditis, and drew attention to the intravenous injection of narcotics as a possible source of infection. Of 25 cases studied by them, 11 (6 inpatients under 30) were heroin addicts. Staphylococcal endocarditis, often due to coagulase-negative strains, is a serious complication of cardiac surgery (Resnekov, 1959) .
Bacteria responsible for endocarditis.-Until the introduction of penicillin and other antibiotics about two-thirds of all recorded cases of endocarditis were due to Strep. viridans. Other forms of streptococci, pneumococci and staphylococci (coagulase-positive and -negative strains) accounted for most of the remaining cases. Table I gives the incidence of various species in Perry, 1936) Bact. coli and other coliform bacilli (see Perry, 1936) Ps. pyocyanea (see Perry, 1936) Brucella (see Perry, 1936) B. anthracis (Thayer, 1931) Chromobact. prodigiosum (Hawe and Hughes, 1954) Erysipelothrix rhusiopathia (Russell and Lamb, 1940) Rickettsia burneti (Robson and Shimmin, 1959; Andrews and Marmion, 1959) 1,000 cases, analysed from a large number of sources by Perry (1936) , and also mentions some of the other bacteria, which have occasionally been recorded as the ietiological agent.
Since the clinical use of antibiotics, the incidence of cases due to Strep. viridans is still high, but an increasing number due to other bacteria are being recorded. Moreover, since a proportion of the patients with endocarditis due to Strep. viridans are cured by penicillin, the incidence of this organism among fatal cases has dropped considerably. Table II analyses the   TABLE II.-BACTERIOLOGY OF FATAL CASES OF ENDOCARDITIS  OCCURRING IN A SINGLE LONDON HOSPITAL  Total 1935-1943 1944-1958 1935-1958 bacteriology of cases of endocarditis from the post-mortem records of a single London hospital, before and after January 1944 when penicillin was first used in the hospital. It will be seen that in the post-penicillin period the incidence of cases due to Strep. viridans had fallen from 61 % to 35% and that a much wider variety of bacteria were isolated from the remaining patients than had been the case in the pre-penicillin period. Incidence and age of fatal cases.-Further analysis of these post-mortem records showed that the incidence of deaths from endocarditis in the hospital fell sharply immediately after the introduction of penicillin and streptomycin and then steadily rose to about the same level as before (Fig. 1) lower than that recorded in 1937. This difference between the Registrar-General's figures for England and Wales and those in a single London hospital is probably partly accounted for by the fact that in a number of the cases included in the latter series the endocarditis was a terminal event and might not have been recorded in the absence of a post-mortem.
Conclusion.-Bacterial endocarditis remains a serious disease with a high mortality. Since the introduction of antibiotics the mortality has been considerably reduced, particularly in younger patients. Strep. viridans remains the commonest bacteriological agent, but an increasing number of cases due to other bacteria, many of which are resistant to antibiotics, are now appearing.
Dr. J. F. Goodwin (London): Management of Bacterial Endocarditis: Treatment and Prognosis The introduction of antibiotics has dramatically changed the prognosis of bacterial endocarditis, but there are still no grounds for complacency. Fig. 1 (Clawson, 1948) . Redrawn from Dormer (1958) . bacterial endocarditis in England and Wales (Dormer, 1958) . Although the infection can be controlled in 90-95 % of patients, there is still a mortality of up to 30%.
Prophylactic treatment.-It is important to know the cardiac lesions are particularly prone to infection. Acute endocarditis may occur with any septicemia and attack a previously normal heart. The subacute variety, however, nearly always involves a previously damaged heart. In congenital heart disease patent ductus arteriosus, ventricular septal defect, and bicuspid aortic valve are particularly prone to subacute infection. Pulmonary stenosis and coarctation of the aorta may also be infected, but less frequently. Atrial septal defect very rarely becomes infected unless it is of the ostium primum type. Infective endocarditis in infants is extremely rare.
In acquired heart disease the commonest abnormality to become infected is a mild degree of mitral incompetence or aortic stenosis. Severe and multiple valve lesions are much less commonly involved. Perhaps for this reason bacterial endocarditis is often not considered in patients with obscure fever, *the evidence of underlying heart disease being slight or trivial.
Infection usually follows minor surgery, especially dental extraction. Bacterial endocarditis may follow urological procedures such as cystoscopy or prostatectomy, or can occur after childbirth. Much can be done to prevent bacterial endocarditis if antibiotic prophylaxis is given for dental extraction in patients with a known cardiac lesion. After the extraction of a tooth bacteria from the socket (usually Strep. viridans) are liberated into the blood stream and may settle upon an already abnormal heart. The importance of dental extraction as a cause has been shown by Hobson and Juel-Jensen (1956) who studied 43 patients with endocarditis due to infection with Strep. viridans. In seven patients the attack was definitely related to tooth extraction. Five patients who had some remaining teeth relapsed after treatment, but no relapses occurred in those in whom total extraction had been carried out. It is vitally important that patients with heart disease should have their teeth well cared for and that a patient who has had bacterial endocarditis should have all carious or damaged teeth removed under full antibiotic cover. No septic teeth should be allowed to remain and there should be no hesitation in recommending full dental clearance if in doubt. In a series of 39 cases from Hammersmith Hospital, tooth extraction could be blamed in 9 and antibiotic cover was probably inadequate in 3. Antibiotic cover should consist of 600,000 to 1,000,000 units of penicillin daily for two days before, during, and two days after the extraction, the penicillin being given by injection. Cystoscopy and prostatectomy should always be covered routinely with chemotherapy, for Toh and Ball (1959) have shown that Strep. fwcalis endocarditis can occur even in previously normal hearts. Childbirth should always be covered by penicillin in patients with known cardiac disease.
Treatment of subacute bacterial endocarditis. The antibiotic to be used depends on the infecting organism and its sensitivity, and also to some extent on the accessibility of the lesion. Penicillin may be used as the sole antibiotic only if the organism is highly sensitive, such as a Strep.
viridans with a sensitivity to penicillin of 0 I unit/ ml. Penicillin alone should be continued only if there is an immediate and full response to treatment and no relapse occurs. Usually it is unwise to administer one antibiotic alone for long periods (Brit. med. J., 1960) . Penicillin plus streptomycin is most effective for the treatment of infective endocarditis (Christie, 1953; Finland, 1958) and this combination should be used if the organism is a less sensitive Strep. viridans with a sensitivity of perhaps 1-2 units/ml, and in all cases in which positive blood cultures have not been obtained. 
Section of Medicine
In using streptomycin for long periods, careful watch must be kept for ototoxicity or other reactions: this is particularly important in patients with pre-existing renal disease or who develop nephritis as a result of their subacute bacterial infection. In patients over the age of 60, the liability to ototoxicity is greater and half the dose of streptomycin should be administered. Blood levels of streptomycin should not be allowed to rise higher than 20 ,ug/ml. Penicillin should be given in a dosage of not less than 2 mega units per day and should be given by injection not less frequently than sixhourly. 39 cases of bacterial endocarditis treated at Hammersmith Hospital received from 2-5 to 12 mega units daily. Penicillin may be given by mouth to supplement injections and reduce their frequency if they become too painful, but the oral route should not usually be used as the sole method of administration. Oral penicillin has been reported as unsatisfactory because of erratic blood levels and gastro-intestinal disturbance by Santos-Buch et al. (1957) and by Finland (1958) , although Geraci (1958) claimed satisfactory results in 12 patients with 4-6 mega units of phenoxymethyl penicillin combined with streptomycin and probenecid for two weeks. It is essential to maintain a consistently high blood level of penicillin. According to Eagle et al. (1953) levels considerably in excess of the concentration necessary to inhibit the organism in vitro are required for successful treatment.
Streptomycin should be given in doses of 1 g daily, except in patients over 60 years when the dose should be halved.
The duration of treatment should be from six to twelve weeks, usually eight weeks. At least eight weeks' treatment should be given to patients with negative blood cultures. However, short courses of up to a fortnight have been given with some success and this method is worth considering in patients who cannot be given a protracted Geraci (1958) cQurse of treatment. Table I shows that in four series comprising a total of 94 patients, the results were on the whole satisfactory, but a short course should only be considered in patients with a highly sensitive organism and immediate response. The type of lesion which is infected also has some bearing on the duration of treatment. For example, infection of a patent ductus arteriosus or ventricular septal defect is very unlikely to increase cardiac damage, whereas infection of a previously damaged aortic valve may result in fatal or extremely serious aortic incompetence, even though the infection has been cured. Adjuvants to penicillin.-Since penicillin is excreted by the renal tubules, substances which block this tubular excretion may be expected to enhance the blood level, and thus potentiate the effect of penicillin (Stuart-Harris et al., 1949) . The most satisfactory adjuvant is probenecid, which may be given in a dosage of 0-5 g four times daily. It is usually well tolerated, but occasionally gives rise to nausea and dyspepsia. Its use should always be considered when large doses of penicillin do not apparently produce a complete response in a patient with a sensitive organism or in a patient in whom the organism has not been isolated, and penicillin is being used "blind". Corticosteroids have been suggested as possible adjuvants to minimize fibrosis of valves and damage to the myocardium, but according to Finland (1954) their use is inadvisable, as is the use of anticoagulants, which may give rise to hiemorrhage (Finland, 1954; Priest et al., 1946) .
Antibiotics other than penicillin and streptomycin.-Tetracycline is occasionally advocated but in general is a poor drug for the treatment of infective endocarditis because it is bacteriostatic rather than bactericidal. It should never be used alone, but always in combination with another antibiotic, preferably a bactericidal one. It is useful in a patient who, receiving penicillin and streptomycin, becomes intolerant of streptomycin. If tetracycline is given over a long period, vitamin B1 supplements should be added to reduce the risk of sore tongue or staphylococcal intestinal infection. Chloramphenicol should rarely be used because of the dangers of bonemarrow damage when long courses and high doses are used. It should only be considered if it is the only suitable antibiotic in a desperately ill patient.
Other drugs which may be used are: erythromycin (Geraci and Martin, 1954) , novobiocin, bacitracin, neomycin, vancomycin (Geraci et al., 1958) , and polymyxin (Finland, 1958 Strep. fecalis endocarditis should be treated as for a moderately sensitive Strep. viridans infection with penicillin 10-20 mega units daily, probenecid, and streptomycin. Staphylococcal endocarditis should be treated in the same way if the staphylococcus is sensitive to penicillin and streptomycin. If not, the best combination is probably erythromycin and novobiocin, possibly with streptomycin also if the organism is sensitive to this drug. Dormer (1959) has listed suggestions for antibiotics for use with less common Gram-negative infections: Dormer (1959) in his review. Ristocetin is active against Gram-positive organisms including staphylococci, but must be given intravenously. It is bactericidal, and preliminary studies have shown no development of resistance or crossresistance. Toxicity consists of neutropenia, thrombocytopenia, thrombophlebitis, fever, and rashes; the frequency of these reactions depends directly upon the dose used. Vancomycin is a potent antibiotic against the staphylococcus but tends to accumulate and may cause renal damage as well as ototoxicity. When renal impairment is present serum levels may be necessary to control the dose (Dutton and Elmes, 1959) .
Surgical treatment.-Infection at the site of an arteriovenous communication, such as a patent ductus arteriosus, may be cured by closure of the fistula. Needless to say, in a patient with an infected ductus, the infection should be thoroughly treated, and then the ductus ligated. Now that closure of a ventricular septal defect is a practicable procedure at low risk, the same principles should apply. Coarctation of the aorta, when infected, will also require resection on these as well as other grounds. It should be remembered, however, that a number of patients who have infective endocarditis with coarctation of the aorta have the infection on a bicuspid aortic valve.
Finally, in some cases a splenic infarct may become infected, and splenectomy can cure the infection. This complication should be kept in mind in patients with persistent fever, bacteriemia, and pain and tenderness in the left hypochondrium. A left pleural effusion may occur also (Lingeman et al., 1956) .
Results of treatment of subacute bacterial endocarditis.-The infection is usually controlled in 90-95% of patients if the patient is alive after two weeks' treatment (Friedberg, 1956) . The mortality, however, is higher than this figure would suggest, being from 25-45% (Cates and Christie, 1951; Friedberg, 1956; Jones et al., 1947) . Morgan and Bland (1959) reported that 21 % of 119 patients died during a ten-year follow-up period. It is well known that although the infection may be cured, the patient may still die from irreversible cardiac failure, produced by progressive myocardial damage or by gross endocardial destruction such as rupture of an aortic valve cusp. In the Hammersmith series of 30 patients only 11 died, the infection being cured in all but 4. Thus 7 patients died of cardiac damage despite cure of the infection (Table IL) . ' The commonest condition to be infected was aortic valve disease, often combined with mitral valve disease, and the mortality was particularly high in these conditions. The relationship of mortality to the infecting organism is shown in Pyocyaneus 2 0 2 disease was 9-2 weeks in the patients who were Uncertainsterileg Blood 0 2 2 ultimately cured, but was 22-5 weeks in those in tcultures equivocal) whom the disease proved fatal. It is clear there-Total patients .. 9 20 18 fore that early diagnosis is vital. Poor or inadequate chemotherapy which fails to sterilize cultures being negative. Aortic incompetence the infection is also an important cause of failure.
is a particularly sinister lesion in this Cates and Christie (1951) found that poor respect, since many cases develop greater incom-nutrition was a very bad prognostic sign, 70 % of petence afterwards which leads to irreversible badly nourished patients dying. congestive heart failure. Perforation of a valve cusp may occur (Berger and Kossmann, 1951;  Heart failure at the start of treatment, or Morgan and Bland, 1959) . An aneurysm of the recurring during treatment, is a very bad progvalve cusp may occur. Saphir and Leroy in nostic omen. Newman et al. (1954) reported 1948 reported aneurysms of the valves in 5 of that 28 of 34 cases with congestive heart failure 12 patients suffering from infective endocarditis died, although in 11 of these the treatment had between the years 1943 and 1946. However, in been inadequate. They showed, that even though 45 patients who suffered from the disease between the infection was cured, 33% of patients with 1935 and 1943, no valve aneurysms were found. heart failure died within two years. The type of These workers attributed the aneurysms of the cardiac lesion infected has a definite bearing on valve cusps to healing as a result of chemo-the prognosis. Conditions which are not made therapy. Mycotic aneurysms as a result of worse by the infection, such as patent ductus infected emboli may also prove fatal (Cates and arteriosus, ventricular septal defect, and co- Christie, 1951) , as may emboli to various sites, arctation of the aorta, are not likely to be particularly coronary and cerebral.
followed by further cardiac disorder. Renal insufficiency may be a cause of death.
The importance of irreversible cardiac damage, Morgan and Bland (1959) reported an incidence even though the infection has been cured, is of 4% in their early cases. In an analysis of 52 shown in Figs. 2 and 3. Fig. 2 shows the temcases, Newman et al. (1954) noted that 8 patients perate car of a patient in whom the infection died with evidence of renal insufficiency: in none was cured. Despite this, however, the patient of these had the infection been cured. The renal died subsequently of intractable congestive heart lesions consisted of focal embolic glomerulo-failure, and at necropsy was found to have a nephritis, diffuse glomerulonephritis and multiple ruptured aortic cusp. Fig. 3 shows a very renal infarcts. It is less likely that patients in similar temperature chart from a patient with an whom the infection has been cured will die of infected ventricular septal defect. The organism renal insufficiency.
was Strep. viridans. The patient made a complete recovery because the infection had not Evidence of accompanying rheumatic myocar-increased the cardiac damage. Treatment was ditis was found by Cates and Christie (1951) and more intensive in the second case, and it is a case of the solitary myocardial abscess in perhaps arguable that rupture of the aortic cusp subacute bacterial endocarditis has been reported due to the infection might have been avoided if by Berger and Kossmann (1951) . Saphir et al. streptomycin had been given in addition to (1950) have emphasized the importance of myo-penicillin in the first case. Long-term prognosis cardial lesions in bacterial endocarditis. These in the survivors of bacterial endocarditis has been include focal and diffuse myocarditis, micro-analysed by Morgan and Bland (1959) . Of 119 abscesses, perivascular cellular infiltration and patients who survived bacterial endocarditis, 42 multiple minute areas of infarction.
were ultimately in congestive heart failure. Factors contributing to poor results.-These Finally, age is important. Cates and Christie factors require careful analysis in view of the (1951) found that the mortality was 30% in appreciable mortality in this condition. Jones patients under 25 years, but 54% over the age et al. (1947) showed that late diagnosis was a of 50.
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In the acute group only 2 survived. Of the 7 who died, 5 died infected; in the other 2 the infection was cured but death occurred from heart failure, ruptured valve 6r embo'li., The problem of the patient with negative blood cultures.-It is my impression that patients with negative blood cultures are being seen more frequently. Perhaps this is due to the fact that many patients receive chemotherapy from time to time which tends to mask the infection.
The general experience is that the recovery rate is lower when no positive cultures are obtained than when cultures are positive. This may be due to the fact that the infection is more deep seated and more difficult of access to antibiotic.
In the experience of Cates and Christie (I 95 1) and of Friedberg (1950) between 50% and 80% of patients with positive cultures recovered, but only between 20Y. and 40%. of those with negative cultures. Furthermore, congestive heart failure 98-97-96-was three times more frequent when the cultures were negative than when positive (Cates and Christie, 1951) . More recently, however, the results in patients with negative cultures have been better. Thus Dormer (1958) reported that 70% of 16 patients recovered, while in the Hammersmith series 9 out of 10 patients with negative cultures were cured, the remaining patient dying of congestive heart failure due to severe congenital aortic stenosis, although the infection had resolved. These better results may be due to earlier diagnosis, and more intensive treatment. The patient should be treated for at least eight weeks with full doses of penicillin and streptomycin, with probenecid in addition. The response of the patient must be assessed from subsidence of fever, increasing haemoglobin, falling sedimentation rate, and general improvement in well-being. Persistent embolic phenomena indicate that the infection is still active. Blood levels of penicillin may be of great value in assessing treatment, and very high levels can be obtained. In one of the Hammersmith patients, a level of penicillin of 40 units/ml was achieved. The desirable penicillin blood level depends upon the sensitivity of the infecting organism, but where no positive cultures have been obtained this, of course, is not known, and it is therefore wise to aim at a level of at least 10 units/ml as in penicillin-resistant cases (Stuart-Harris et al. 1949 ).
There is a tendency for the fever to recur in patients with negative cultures (Cates and Christie, 1951) . Dormer (1958) noted a persistently high sedimentation rate in some patients and suggested that this might be the result of very frequent intramuscular injection of antibiotics over a period of several weeks. In my own experience only 3 of 10 patients with positive cultures had a sedimentation rate of greater than 15 mm in one hour after successful treatment, whereas 6 of 10 patients with negative cultures had such a sedimentation rate under the same circumstances. The tendency for a high sedimentation rate to persist in the negative culture patients presents the clinician with a difficult problem in assessing the possibility of cure. However, if all other signs of infection are absent, the course of treatment has been adequate, and cardiac function is satisfactory, then it is usually safe to assume that the infection has been cured; the sedimentation rate will usually fall gradually over the next four weeks. It is worth noting, however, that an infected tooth socket may be the cause of a persistently high sedimentation rate under these circumstances and meticulous care is necessary in surveying the dental condition. The results in patients with negative cultures may be expected to improve further if the possibility of the condition is constantly borne in mind so that diagnosis can be made early, and adequate treatment with high dosages of penicillin and with streptomycin given for a sufficiently long period.
Relapses.-Patients may suffer from more than one attack of bacterial endocarditis, and the risk of relapse after a six months' cure has been estimated at about 2 % per annum. Relapse usually occurs within three weeks of ceasing treatment (Cates and Christie, 1951) . The causes of relapse are inadequate treatment, inaccessibility of the lesion to the antibiotic, and a persistent focus of infection. Inaccessibility of the lesion may occur when the infection is deep seated in valve pockets, and is of course an indication that very high blood levels of penicillin are required. Teeth are the most important persistent focus of infection, and wherever necessary total dental clearance should be carried out during (but not after) the course of treatment, preferably in the last two weeks.
Other sources of infection are the prostatic bed and the spleen.
Bacterial endocarditis after cardiac surgery. The advent of surgery of the heart has posed many problems, one of these being the accidental introduction of infection into the heart during cardiotomy. It is a striking testimony to aseptic technique that this very seldom happens. Denton et al. (1957) reported 20 cases of bacterial endocarditis after 2,263 cardiac operations performed between 1950 and 1955. The incidence after operation for congenital heart disease was 1 in 374 patients, and after operation for acquired valvular disease 19 in 1,889. However, when infection occurred it was serious. 14 of the 20 cases were infected with staphylococci, and 12 of these died. At Hammersmith Hospital in a series of nearly 300 mitral valvotomies, there has only been 1 case of mitral valve infection. This was due to Ps. pyocyanea and the patient unfortunately succumbed. There has also been one case of infection of the ventricular septum with Staph. albus after closure of a ventricular septal defect; the patient made a complete recovery. There have been no other cases in over 100 patients operated upon during total cardiopulmonary bypass.
The dangers of staphylococcal endocarditis following mitral valvotomy, however, have been emphasized by Resnekov (1959) who reported that 14% of 70 consecutive mitral valvotomies were complicated by a staphylococcal endocarditis. 3 patients died.
Conclusions.-It is clear that infective endocarditis is a serious disease, and that early and energetic treatment is essential to prevent pro-gressive cardiac damage. Prophylaxis is therefore vital. It is probable that an increasing number of patients with negative blood cultures may be seen, and early diagnosis and energetic treatment is of great importance. It is also unfortunately likely that an increasing number of cases of infection with penicillin-resistant staphylococci may occur. It is probable that when the organism is of low virulence infection may be present for many months before the disease becomes obvious, the patient complaining merely of general malaise or increasing cardiac disability. Infective endocarditis should always be considered in patients in whom the cardiac condition deteriorates without obvious cause. This insidious nature of the subacute type of infection is particularly important in elderly people in whom the condition may not be considered.
Finally, whatever the results of blood cultures, in the majority of cases penicillin and streptomycin are the most satisfactory drugs to use. They should not be withheld.
